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ABSTRACT

Hepatocellular carcinoma (HCC) is the second cause of cancer–related deaths worldwide
constitutes a major global health problem. Although our understanding of the molecular
pathogenesis of hepatocellular HCC has improved, detected driver mutations are not yet 
sufficiently reliable therapeutic targets. The modern management of HCC is conceived only
within multidisciplinary schemes. Current systemic therapies are not curative and surgical
treatments remain the only potential curative treatments for selected patients with early stage
HCC. The role of parenchyma sparing liver resection for appropriately selected patients may
vary in different environments according to organ availability,and liver resection remains a
reliable curative method for HCC. Meta-analyses have shown that clinical outcomes of 
surgical resection are superior to ablative treatments in early stage HCC. Liver transplantation is
still the standard treatment for patients with early stage HCC. Lately the Milan Criteria are 
considered too restrictive, still recognizing that the extension of transplantation criteria
beyond Milano criteria increases the risk of HCC recurrence. Resection, ablation, trans-
arterial embolization and trans-arterial radiation are commonly applied to bridge patients to
transplant. Despite enormous advances in the therapy of HCC treatments at present, there
are currently no genuine breakthroughs for patients with HCC. The Clinical Trials Planning
Meeting (CTPM) in HCC convened by the American Society of Clinical Oncology identified
the key knowledge gaps in HCC and define clinical research priorities. Major improvements
in survival provided by multimodal treatments witnessed in other cancers are not yet 
available for HCC because effective systemic treatment modalities for HCC are still lacking.
Integration of bio-genetic tumor information into current tested treatment schemes and truly
multimodal surgery-based treatment schemes will enable the recruitment of less selected
patients in larger numbers to curative treatments.
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INTRODUCTIONINTRODUCTION

Hepatocellular carcinoma (HCC) is a major global health problem and the
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second cause of cancer–related deaths worldwide, with
an estimated 850,000 new cases annually.
Unfortunately, the prognosis for liver cancer is very
poor, with a ratio of mortality to incidence of 0.95, with
the rare cure still achieved only by surgical modalities.
In more than 80% of patients, HCC develops in cirrhot-
ic liver (1, 2). This diversity in etiology and natural histo-
ry results in high HCC heterogeneity, raising major 
challenges in clinical management (2). Primary preven-
tion of HCC by HBV vaccination has been reported in
many studies. Additionally, the HCC risk decreases after
the first 5 years of antiviral therapy in chronic hepatitis B
patients (3). Similarly, chronic hepatitis C patients 
receiving direct antiviral agent (DAA) who have achieved
sustained virologic responses (SVR) were found to be
associated with a decrease in HCC risk (4-6).

The modern management of HCC is conceived only
within multidisciplinary schemes. Surgical treatment of
patients with HCC shall be restricted to centers with
availability of all treatment methods, including liver
transplantation, or at least to centers with organized
network connections to twinning programs offering
multidisciplinary holistic treatment of HCC as well as of
liver diseases. Liver resection, liver ablation therapies,
and liver transplantation remain the mainstay of 
surgical interventional therapy, in combination with
medical/radiological methods.

Modern diagnosis and treatment of HCC occur in
a multimodal approach. Our understanding of the
molecular pathogenesis of HCC has improved signifi-
cantly in the last decade. Recent advances have led
to identification of critical driver mutations, however
most mutations are not yet a target for pharmaco-
logic or immunologic therapies. Surveillance programs
can detect early stage HCCs that are amenable to 
curative treatments such as surgical resection, liver
transplantation,and local ablation. Treatment, and
particularly cure of HCC,is still a major challenge; the
application of surgical therapies iscurrently the only
curative chances in a very selected category of
patients. 

Current therapeutic strategies for HCC are based on
number of tumors, size, vascular invasion, functional
reserve of the liver and clinical performance status (2, 6,
7), variables all included in the Barcelona Clinic Liver
Cancer classification (BCLC). This treatment algorithm
has been a standard of care for long years and has been
constantly updated. Lately, however, BCLC has been
criticized and updated by other treatment algorithms

and guidelines from both western and eastern societies
and groups (8-11).

Surveillance programs currently detect early-stage
tumors (single >2 cm, or 3 or fewer nodules < 3 cm) in
patients that are candidates for potentially curative
therapies (local ablation, liver resection, or transplanta-
tion) with 5 – year survival rates of 50%- 70% (2, 7, 12).
The 5-year recurrence rates after HCC resection was
shown to be up to 70%, or even higher after percuta-
neous ablation, making liver transplantation the best
possible option in very selected cases, whenever 
sufficient liver grafts are available. Post-transplant
recurrence rates reach approximately 10% and liver
transplantation (LT) offers the additional advantage of
eliminating the underlying liver disease (2, 12). 

HCC develops mostly in cirrhotic liver (1, 2), 
particularly in the background of viral hepatitis and
non-alcoholic steatohepatitis (NASH). This diversity
in etiology and natural history results in high HCC
heterogeneity, raising major challenges in clinical
management (2). Primary prevention HCC by hepatitis
B virus (HBV) vaccination has been reported in many
studies. The HCC risk decreases after the first 5 years
of antiviral therapy in chronic hepatitis B patients (3).
Similarly, chronic hepatitis C patients receiving direct
antiviral agent (DAA) who have achieved sustained
virologic responses (SVR) were found to be associated
with a decrease in HCC risk (4-6).

Ablation versus resection/transplantation

There has been a hot debate in the scientific 
community whether surgical approaches or interven-
tional therapies for very early or early stage HCC
patients should be preferred. Recently, a meta-analysis
published by Ni JY et al. including approximately 21,000
patients demonstrated that clinical outcomes of 
surgical resection were superior to ablative treatments
in early stage HCC (13). These findings were confirmed
by another meta-analysis published by Xu et al. that
showed that surgical procedures provide significantly
improved survival benefits in patients with early stage
HCC when compared to patients underwent ablative
treatments (14, 15).

A meta- analysis of available studies including 8500
HCC patients has demonstrated that in very early HCC
patients with Child – Pugh A, Radiofrequency Ablation
(RFA) provides similar survival to resection (16).
However, for single larger HCCs (3-5 cm) resection 
provided better survival and was more cost effective
than RFA (16). In “small HCC” - less than 2 cm with 2 the
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choice of tumor ablation (percutaneous ethanol 
injection (PEI) or RFA) is dictated by operability of the
patient, liver reserve, portal vein tumor invasion. 

Liver resection for HCC

In the current environment of organ shortage, liver
resection remains a mainstay of treatment, albeit still
used in a very selected population. Patients with HCC
without macrovascular invasion, with preserved liver
function (Child – Pugh class A with bilirubin of < 1
mg/dl) and no/moderate portal hypertension are 
considered to be optimal candidates for surgical 
resection (2, 17, 18). Low rates of (<2%) perioperative
mortality with approximately 30%-50% disease free 
survival at 5 years have been reported by several 
studies in these patients. A drawback of liver resection
is HCC recurrence in the remnant liver, a common event
and frequent cause of mortality.Limited resection is
preferred when possible, to spare uninvolved liver
parenchyma still removing satellite nodules that result
from local vascular invasion (2). Indeed, liver resection
for HCC has evolved to a standard of “parenchyma 
sparing policy”, avoiding major resections whenever
possible, because of important morbidity and mortality
related to post-hepatectomy liver failure (PHLF). The
tendency of HCC to propagate via portal vein invasion
and the propensity to build peri-HCC satellite metas-
tases, born in micro-portal vein tumor thrombi,
requires the hepatectomy to follow segmental or 
subsegmental portal vein patterns, as “portal vein
directed”. The evaluation of liver reserve in candidates
for liver resection in cirrhosis is a key feature to achieve
optimal short term post-hepatectomy results. While in
the western world bilirubin, Child-Pugh classification
and portal vein pressure have been for years the 
principal variables for safe liver resection, with the late
addition of, in the eastern surgical centers clinical 
variables have been compounded with Indocyanine
Green Test (ICG) to tailor and refine the selection of
candidates who can survive liver resection with 
sufficient liver reserve. The protocol introduced by
Makuuchi (19) is now widely adopted in the eastern
world, and selected centers use it in the western world
as the best selective method to achieve good short
term results. 

When a major resection is required, preliminary
portal vein embolization or lobar radioembolization can
be performed in some centers to induce future liver
remnant growth and avoid liver insufficiency (2). The
failure to produce significant growth is a contraindica-
tion to the hepatectomy.

A meta-analysis showed that preoperative strate-

gies are effective to increase liver volume in order to
achieve resectability of HCC. Transarterial chemo-
embolization (TACE) and PVE is as safe as PVE providing
higher overall survival. ALPPS (Associating Liver
Partition and Portal vein Ligation for Staged hepatec-
tomy) needs to be used with caution because of risks
of major complications and ultimately mortality (20).
Furthermore, radioembolization seems to present
similar resection rates and overall survival as with
TACE and PVE, but with higher rate of postoperative
morbidity (21).

There has been great controversy on the utility of
portal hypertension as parameter in the selection of
liver resection candidates. A study published by
Ohkubo et al. from Japan, demonstrated that portal
hypertension did not negatively affect survival rates in
patients who underwent liver resection for hepato-
cellular carcinoma (22). In the study, between 2001 and
2015, the researchers analyzed the complications and
survival outcomes of patients who underwent liver
resection for HCC. In one group, 695 patients had 
neither portal hypertension nor multiple tumors,
whereas a second group of 197 patients had both.
Patients with portal hypertension and multiple tumors
had significantly more postoperative complications
than those in the first group (47% vs. 36%) and signifi-
cantly longer postoperative length of hospital stay
(median, 13 vs. 12. It was concluded that liver resection
is a safe surgical approach for patients with HCC and
portal hypertension, but recurrence rate of HCC in
patients with portal hypertension and multiple tumors
were significantly higher. Therefore an optimal 
treatment for such patients meeting Milan criteria is
liver transplantation (22). 

At the Royal Free Hospital in London,liver resection
candidates were selected using a combination of the
Makuuchi criteria and hepatic vein-portal venous 
gradient (HVPG) screening for portal hypertension.
Fifty-two hepatectomies were performed from 2010 to
2014, achieving an R0 resection was in 92% of cases,
post-operative 30-day mortality was 1% and the overall
survival at 5 years 68%, whereas the 5-year disease free
survival 58%. The presence of portal hypertensionand
portal vein invasion correlated with outcomes in terms
of morbidity and survival respectively, while R1 
resection, multiple tumors and major hepatectomies
correlated with decreased disease-free survival.
Laparoscopic liver resection for HCC has become a
mainstay method of liver resection, particularly for 
limited resections in peripheral segments (23). 

Recently the Albumin-Bilirubin (ALBI)score emerged
a reliable screening method predicting short term 
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outcomes also for liver resections (24, 25). The
Albumin-Indocyanine Green Evaluation (ALICE) score
has instead been developed as useful criteria for 
prediction of successful long-term outcome after liver
resections (24, 25). Thus, surgical resection may offer a
curative option for HCC with a very low postoperative
mortality and current selection criteria may be expanded
in well-designed clinical trials. 

Staging

Liver transplantation has become a standard 
treatment for patients with early stage HCC (2, 12).
Liver transplantation treats both the HCC and the
underlying liver disease, usually liver cirrhosis, the main
risk factor for developing HCC; therefore, the selected
patients receiving transplants have the highest chance
of cure among all other treatments (12). Liver trans-
plantation for HCC in the background of cirrhosis is still
the best treatment option for patients with early stage
tumors, with 5-year overall survival exceeding 70% in
appropriately selected cases. The Milan criteria are the
most common criteria and a cornerstone to select HCC
patients for transplantation. Novel surgical approaches
have been developed to increase the pool of organs for
liver transplantation such as living donor liver trans-
plantation, donation after circulatory death and split 
livers. 

Transplantation provides a 5–year survival rate of
70% with a recurrence rate of approximately 10% 
(2). Transplantation has the appeal of removing
unrecognized intrahepatic metastasis and essentially
eliminating the risk of de novo tumor development
(12). The criteria for determining whether a patient
with HCCis eligible for liver transplantation are very
heterogeneous worldwide (12). However, the Milan
criteria defined by Mazzaferro in 1996 remain the
most common criteria to select HCC patients for liver
transplantation (26). Since then, the Milan Criteria
(single nodule < 5 cm or < 3 nodules < 3 cm in
size)became the gold standard and best predictor of
post–transplant outcome and of cost-effective trans-
plantation (18,27,28). Lately the Milan Criteria are
considered too restrictive, still recognizing that the
extension of transplantation criteria beyond Milano
criteriaincreases the risk of HCC recurrence. Starting
with the University of California San Francisco (UCSF),
many other criteria such as up–to–7, Total Tumor
Volume (TTV) ,,the Extended Toronto Criteria (ETC)
and Kyoto Criteria have been proposed over time to
predict the outcomes for HCC (2, 7, 17, 18). Among

extended criteria, UCSF and ETC have been validated
in several studies. Most of these criteria have demon-
strated the same survival results, but expanding the
indications for liver transplantation has been 
associated with an increased HCC recurrence (2, 17). 

Host and tumor biologyas features of HCC
treatment

In patients with decompensated HCV cirrhosis
direct acting antiviral (DAA) therapy is associated
with improved hepatic function (4, 5). A recent multi-
center European study showed that DAAs could
reverse liver function and favored the inactivation
and delisting of about one patient out–of–three and
one patient out–of–five in 60 weeks, respectively (4).
In this study, patients with lower MELD scores had a
higher chance to be delisted. Briefly, using DAAs in
daily practice will further increase organ availability
for HCC patients in the near future, as a significant
number of patients with decompensated cancer-free
HCV cirrhosis will probably be inactivated and 
delisted within 1 year (4). Delisted patients may then
become candidates for liver resection, or other 
therapies. 

The use of only tumor size and number is not the
optimal approach to select HCC patients for liver trans-
plantation. More detailed information about HCC 
biology is needed. Hepatocellular carcinomas exhibit a
diversity of molecular phenotypes, raising major 
challenges in clinical management (2, 7, 29). Hepato-
cellular carcinomas develop from diverse etiological
background and display remarkable biological and 
clinical heterogeneity (29, 30). The appreciation of 
the molecular pathogenesis of HCC has improved 
significantly in the last decade by understanding the
landscape of mutations and critical pathways involved
in the development and progression of HCC. Genomic
analyses have provided a vast panorama of the main
drivers responsible for tumor initiation and progression
(29, 30). Each HCC has average of 40 genomic aberra-
tions, among which few are considered drivers (2). At
present, HCCs are divided into two molecular classes:
proliferative and non-proliferative HCCs. Proliferative
HCCs are more aggressive and less differentiated 
and are frequently associated with high serum
alfa–fetoprotein (AFP) levels, p53 mutations and poor
prognosis. Furthermore, proliferative HCCs may display
transforming growth factor beta (TGF-B), MET, AKT and
/ or the progenitor cell phenotype (2, 7, 29, 30). By 
contrast, the non-proliferative subgroup appears to be
heterogeneous with less – certain biologic significance
(30).When available, this information may help choose
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the appropriate surgical management of these patients
(e.g. Ablation vs. surgery vs. transplantation) in well-
designed clinical trials. 

In this context, Mazzaferro has proposed a new 
paradigm in the management of LT in HCC patients: an
Adaptive Approach (27), highlighting the significance of
biological profiles and behaviors of HCC. This system
applies only to early and intermediate stage HCC in
compensated cirrhosis (BCLC – A and BCLC – B).
Exclusion criteria are vascular invasion, extrahepatic
metastasis and comorbidity. In principle, any HCC
developing in compensated cirrhosis is considered as
transplantable tumor (TT). Morphological criteria
should be integrated with pathologic/biologic informa-
tion. The best available option (i.e. monotherapy or
combination therapy) should be determined through
multidisciplinary discussion. A minimal observation
period after the therapy is mandatory. The minimal
expected survival for patients receiving LT under these
conditions should be increased from the conventional
limit of 50% at 5 years to 60% or higher (27).

Live Donor liver transplantation for HCC (31) has
proven to be a valid tool both in the Eastern World with
scarce deceased organ donor resources and in the
Western World. In experienced centres applying careful
candidate selection criteria excellent results may
reached (32). This technique offers a particular timing
advantage and could be considered more frequently.

Bridging strategies for transplantation

Patient drop-out on the waiting list because of HCC
progression is a significant issue, giving relevance to
strategies and therapies of patients waiting for LT. HCC
progression on the waiting list may impair intention-to-
treat outcomes (2). Resection, ablation, trans-arterial
embolization and trans-arterial radiation are commonly
applied to bridge patients to transplant (2). Excessive
priority for HCC compared to non-tumor indications can
result in increased post-operative HCC recurrence (2,
12). In this context, several studies have demonstrated
that AFP has significant prognostic potential. In general,
HCC patients on the waiting list with baseline serum
level of AFP > 200 ng /ml show significantly worse out-
comes, although the most significant adverse determi-
nant is the steady increase of AFP > ng/mL/month. The
AFP cut-off of 300, 400 and 1000 ng / mL have been
suggested as delisting indication (30,33,34).

At the Royal Free Hospital in London, liver transplan-
tation (OLT) candidates were selected strictly adhering
to the Milano criteria, as customary in the UK. We
reviewed the results of a study period of 3 years, from
Jan 2013 to Dec 2015. A total of 48 consecutive cases

without exclusions underwent OLT. There were 7
females (15%) and 41 males for a M/F ratio 0f 4.6;
median age was 58 years (IQR 54-60). The main 
modality of downstaging used prior to OLT was TACE, in
32 cases (74%). The minimum follow-up time was 2
years with a median of 39 months. Twelve patients
received DCD grafts; all other patients received full DBD
grafts. No patient required re-transplantation. Overall 1
and 3 year survival was 89.6 and 85%, respectively.
Disease free 1 and 3 year survival was 95.1 and 89.7%,
and graft 1 and 3 year survival was 89.6 and 83.0%,
respectively.

The Clinical Trials Planning Meeting (CTPM) in HCC
was convened by the US National Cancer Institute’s
Gastrointestinal Cancer Steering Committee and the
American Society of Clinical Oncology to identify the
key knowledge gaps in HCC and define clinical
research priorities (35). These included, among 
others, conducting prospective trials of combined
modalities, including TACE plus ablation and TACE
plus systemic therapy, evaluating the outcome of
regional therapy versus systemic therapy in patients
with lymph node positive or intrahepatic metastatic
disease, conducting comparison trials of TACE, drug-
eluting bead (DEB), and Y90-labeled microspheres,
defining the role of TACE in liver transplantation and
conducting prospective trials of regional therapy
options. As for local therapy, there is a need for 
formally evaluating the outcome of adjuvant systemic
therapy following resection or ablation, conducting a
trial of adjuvant chemotherapy following intrahepatic
therapy, DEB, or Y90-labeled microspheres and 
comparing modalities, such as hepatic resection 
versus ablation. The expectation of resolutive 
potential of internal radiation therapies has been
unfortunately wasted in poorly designed randomized
studies (36). For liver transplantation, the research
questions should focus on weather adjuvant therapy
may improve post-LT outcome in patients at high risk
for recurrence (34).

Apart from primary prevention strategies and
truly effective systemic treatments, the future of the 
management of HCC lies on surgery and liver trans-
plantation combined with adjuvant therapy tailored
according to the genetic profiling and stratification of
the HCC including targeted immunotherapy. Organ
and graft availability can be improved by novel
approaches to organ procurement as extracorporeal
machine perfusion (37), or Normothermic Regional
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Perfusion for expanded criteria grafts and donors
(38). With regards to living donor transplantation,
refining and expanding the novel RAPID procedure
for patients with HCC inliver cirrhosis may be the
future in highly selected patients with favored tumor
biology and moderate portal hypertension. The novel
RAPID procedure concept was developed for partial
liver transplantation in nonresectable colorectal liver
metastases with very small donor liver grafts (39). At
the time of transplantation, segments 2 and 3, or the
left hemiliver, are resected in the recipient and ortho-
topically replaced by a Small-For-Size left (S2-3-4) or
left lateral (S2-3) grafts (Deniz Article). Portal inflow is
modulated by redirecting the portal flow to the graft.
Indeed, a major difficulty of this approach in cirrhotic
patients is the correct management of portal hyper-
tension and SFS Syndrome. A second-stage hepatec-
tomy, similarly to ALPPS, is performed as soon as the
graft has regenerated to a sufficient volume and 
function. This represents a new procedure that needs
validation, a possible strategy to increase the 
availability of liver transplantation to selected 
patients with nonresectable hepatocellular carcinoma.

The never-ending issue whether transplant is more
effective than liver resection for “small HCC” has not
yet been resolved. Organ shortage constitutes a major
obstacle to appropriate randomized studies and even
more for the eventual application of LT to all early HCC.
Attempts of integration of biologic markers into clinical
algorithms for better calculation of prognosis have
been already positively tested. This modality may be a
way forward in the optimal stratification of patients for
treatment of HCC, and other cancers (40).

CONCLUSIONCONCLUSION

Although our understanding of the molecular
pathogenesis of HCC has improved significantly and
many HCC mutations have been identified, detected
driver mutations are not yet sufficiently reliable 
therapy targets. Current systemic therapies are not
curative and surgical treatments remain the only
potential curative treatments for selected patients
with early stage HCC. Hence, the institution of early
HCC detection and surveillance programs is an 
essential tool to decrease overall global/national
mortality from HCC. The role of liver resection for
appropriately selected patients may vary in different
environments according to organ availability, so LR
remains a reliable curative method for HCC. Liver
transplantation is still the standard treatment for
patients with early stage HCC. 

Surgical therapies remain the most effective 
treatments when applied to selected patients in early
stages of the disease. Despite enormous advances in
the therapy of HCC treatments at present, there are
no real breakthroughs for patients with HCC. Indeed,
and very unfortunately the major improvements in
survival provided by multimodal treatments 
witnessed for other cancers are not yet available for
HCC because effective systemic treatment modalities
for HCC are still lacking. Integration of bio-genetic
tumor information into current tested treatment
schemes and the advent of truly multimodal surgery-
based treatment schemes willenable the recruitment
of more patients into curative treatments.

This work did not receive any funding; no other 
disclosure.

Ethical approval is not necessary.
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